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The violation of Bell inequalities where both detection and locality loopholes are closed is crucial
for device independent assessments of quantum information. While of technological nature, the
simultaneous closing of both loopholes still remains a challenge. In Ref. [1], a realistic setup to
produce an atom-photon entangled state that could reach a loophole free Bell inequality violation
within current experimental technology was proposed. Here we improve the analysis of this pro-
posal by giving an analytical treatment that shows that the state proposed in Ref. [1] can violate
a Bell inequality for arbitrarily low photodectection efficiency, when all other losses are ignored.
Moreover, it is also able to violate a Bell inequality considering only atomic and homodyne mea-
surements eliminating the need to consider inefficient photocounting measurements. In this case,
the maximum Clauser-Horne-Shimony-Holt (CHSH) inequality violation achievable is 2.29, and the
minimum transmission required for violation is about 68%. Finally, we show that by postselecting
on an atomic measurement, one can engineer superpositions of coherent states for various coherent
state amplitudes.
I. INTRODUCTION
In recent years, it has been realized that nonlocal cor-
relations can be certified without any additional assump-
tions on the internal mechanism of the devices used in the
experiment. These nonlocal correlations can be obtained
from entangled quantum systems by measuring them in
appropriately chosen local observables. This is called a
Bell test since the nonlocal nature of the measurement
outcomes can be certified by the violation of certain con-
straints known as Bell inequalities [2, 3].
Once the existence of such correlations is established,
they can be used in what is now referred to as device-
independent protocols [4–8].
Many Bell tests have been performed (see Sec. VII in
[3]), most of them involving atomic and photonic systems
(Bell tests in the realm of high energy physics have also
been proposed and carried out, see for example [9, 10]
and references therein). But, all experiments performed
so far have suffered either from the detection loophole or
the locality loophole [11–16]. Needless to say, both the
ultimate confirmation of the nonlocal character of nature
and the implementations of device-independent quantum
information protocols rely on loophole-free Bell tests.
The locality loophole has been closed in experiments
with entangled propagating photons [11–13], while the
detection loophole has been closed with stationary sys-
tems like atoms, ions, circuits [14–16] and only very re-
cently with photons, though not yet in separate locations
[17, 18]. It seems natural to seek for the best of both
worlds by using a hybrid scenario. The main technologi-
cal challenge is to have both fast and efficient detection at
the same time. Typically, the detection of stationary in-
formation carriers (atoms, ions, . . . ) is very efficient, but
relatively slow. This implies that the other information
carrier (photon) must propagate a very large distance,
and the losses add to the overall inefficiency of detection.
On the other hand, it is still very challenging to have very
efficient and yet still fast photon detection at the single
photon level.
In Ref. [1], we and collaborators proposed a Bell test
which requires very low photon detection efficiency and
a possible experimental implementation, feasible with
available technology. It uses a single atom coupled to
the field of a cavity in order to produce a specific en-
tangled state between the atom and the light emitted
by the cavity. The idea is to combine efficient detection
schemes on the atomic side and the coherent nature of a
light field to perform the detection on the photonic side
[19, 20]. This technique significantly reduces the required
photon detection efficiency and is a promising candidate
for a loophole-free experiment.
Here, we present a more detailed analysis of the mea-
surement scenario of that proposal and show that the
state proposed allows a violation of the CHSH inequality
with only atomic and homodyne measurements, elimi-
nating the need to perform inefficient photoncounting.
The paper is structured as follows. In section II, we in-
troduce the target state used in the Bell test. We show
that for the measurement scenario of Ref. [1], we can
achieve violation for arbitrarily low detection efficiency.
Bell tests on the state using only atomic and homodyne
measurements is also considered, and the possibility of
inefficient atomic detection is discussed. We then show
a possible route to producing entangled coherent states,
and conclude in section III.
II. BELL TEST SCENARIO
We will consider a typical Bell test involving two
parts, A and B, each measuring two possible observ-
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2ables (A0, A1 and B0, B1 respectively) with dichotomic
outcomes ±1. In this scenario the only relevant Bell in-
equality is the CHSH inequality given by
B = 〈A0B1〉+ 〈A1B1〉+ 〈A0B0〉 − 〈A1B0〉 ≤ 2. (1)
The violation of this inequality implies that the measured
statistics are nonlocal. In the quantum case, these aver-
age values are formally given by the standard rule
〈AiBj〉 = Tr(Ai ⊗Bjρ), (2)
where ρ is a quantum state and Ai and Bj Hermitian
operators with ±1 eigenvalues.
In the present paper we will deal with a scenario in
which part A holds an atomic system and part B a pho-
tonic system. In what follows we will specify the state
and measurements that will lead to the desired Bell vio-
lation of the CHSH inequality.
A. Quantum state
In this article, we are interested in the following state
|ψ〉 = cos ν|s, 0〉+ sin ν|g, α〉, (3)
where |s〉 and |g〉 are two energy levels of an atom, and
|0〉 and |α〉 are the vacuum and the coherent state of
the electromagnetic field, with amplitude α, respectively.
This state is a hybrid entangled state of atom-field.
B. Local measurements
Consider a Bell test on the entangled system with the
measurement operators
A0 = cos γσz + sin γσx, (4)
A1 = cos γσz − sin γσx, (5)
on the atomic system, where σx and σz are the usual
Pauli operators. For the photonic measurements, as we
would like to use the CHSH inequality, we will need a
suitable dichotomization of the infinite photon Hilbert
space. We choose the two operators,
B0 = 2
∫ b
−b
dx |x〉〈x| − 1 , and (6)
B1 = 2|0〉〈0| − 1 . (7)
B0 represents homodyne measurement of the X quadra-
ture, followed by a binning that outputs “+1” when the
measurement result ∈ [−b, b] and “−1” otherwise. B1
represents photocounting, with the outcome “+1”, when
no photon is detected and “−1” otherwise.
C. Bell violation: perfect case
With the above constraints, we now show a semi-
analytical optimization procedure which simplifies nu-
merical computations of the maximum Bell violation.
The structure of the A measurements allows one to opti-
mize directly over the measurement angle γ. To see this,
substitute Eqs. (4) and (5), and rewrite B in Eq. (1) as
B = 〈(A0 +A1)B1 + (A0 −A1)B0〉 (8)
= 2 cos γ 〈σzB1〉+ 2 sin γ 〈σxB0〉 . (9)
The maximum of B over γ is thus
Bγ := max
γ
B = 2
√(
Tr(ρσxB0)
)2 + (Tr(ρσzB1))2, (10)
where the subscript denotes the variable which has been
optimized over, and ρ = |ψ〉〈ψ|. Inserting (3) for |ψ〉 and
defining
c1 =
1
2Tr
(
(|0〉〈α|+ |α〉〈0|)B0
)
, (11)
c2 = Tr(|0〉〈0|B1), (12)
c3 = Tr(|α〉〈α|B1), (13)
yields
Bγ = 2
√
(2c1 cos ν sin ν)2 + (c2 cos2 ν − c3 sin2 ν)2.
(14)
We now optimize (14) over the state parameter ν. We
first rewrite the above equation as
Bγ = 2
√
A sin4 ν +B sin2 ν + c22, (15)
= 2
√
f (16)
where A = (c2 + c3)2 − 4c21 and B = 4c21 − 2c2(c2 + c3).
We plot the behaviour of the function f for the two cases:
|c2| > |c3| and |c2| < |c3| in Fig. 1. This function has 3
extrema, is symmetric about sin ν = 0, and has |c2| ≤ 1
and |c3| ≤ 1 at sin ν = 0 and sin ν = ±1 respectively.
From Fig. 1, it becomes intuitively obvious that to have
B > 2, we need f to have two maxima between sin ν ∈
(−1, 1). Simple differentiation shows that the extrema
satisfy the condition
(2A sin2 ν +B) sin ν = 0. (17)
Thus, the conditions for (15) to have two maxima are
0 < B−2A < 1 and, (18)
A < 0. (19)
Rewriting the above conditions in terms of c1, c2 and c3
gives,
C1: c3(c2 + c3) < 2c21
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FIG. 1: (Color online) The above plots show the possible plots
of the function f given f(sin ν = 0) = |c2|, and f(sin ν =
±1) = |c3|. The left graph shows the case when |c2| > |c3|
and the right graph is when |c2| < |c3|. As is evident from
these graphs, the only possible case for f ≥ 1 is when f and
consequently Bγ has 2 maxima in sin ν ∈ [−1, 1] (solid black
curve). Note that in both graphs we have let the larger of |c2|
and |c3| be 1. This is not necessarily the case, and depends
on the specific measurements used. Thus, the condition of 2
maxima is a necessary but insufficient condition for Bγ > 2.
C2: c2(c2 + c3) < 2c21
as the necessary conditions for B > 2. If either c2 = 1 or
c3 = 1, and both conditions (C1) and (C2) are satisfied,
we have immediately B > 2.
If both conditions (C1) and (C2) are met, the maxi-
mum B achievable is given by
Bν,γ = 2
√
[2c21 − c2(c2 + c3)]2
4c21 − (c2 + c3)2
+ c22. (20)
D. Bell violation: imperfect case
In the Bell test scenario we consider, we assume that
the light field suffers from losses due to imperfect inten-
sity transmission, Tline. We also assume the atomic detec-
tion (A0,A1) and homodyne detection (B0) have perfect
detection efficiency, and that the photocounting (B1) has
efficiency η. Both the transmission and detection losses
are modeled as beamsplitters with transmitivities
√
Tline
and √η. In this case, the equations (11-13) become,
c1 =
V
2 Tr
(
(|0〉〈√Tlineα|+ |
√
Tlineα〉〈0|)B0
)
= V
( 2√
pi
∫ b
−b
dx e−x
2
cos(
√
2x
√
Tline|α|)− e−
Tline|α|2
2
)
(21)
where V = e−(1−Tline)
|α|2
2 , and
c2 = Tr(|0〉〈0|B1) = 1 (22)
c3 = Tr(|
√
ηTlineα〉〈
√
ηTlineα|B1) = 2e−ηTline
|α|2
2 − 1.
(23)
The form of c1 is derived using the convention that
xˆ = a+a†√2 . It should further be noted that we have used α
completely imaginary in Eq. (21). The intuition for this
comes from the form of B0, which is a measurement of
the X quadrature, and the form of c1, which is the trace
of B0 and the “off-diagonal” terms |0〉〈α|+ |α〉〈0|. Draw-
ing the phase space distributions of |0〉 and |α〉 would
then show that using iα ∈ R must give the largest over-
lap of the projections of the distributions onto the X
quadrature. This also implies that the absolute phase
of α is not important, but as long as the relative phases
between the quadrature measurement and α is pi2 , the c1
term will be maximized. To satisfy conditions (C1) and
(C2), we need to maximize c21. This can be done by look-
ing for the maximum of (21) over the binning parameter,
b, which can be shown to occur when b = pi2√2|α| . Further
optimization over α is done numerically, and the results
are shown in figure 2. The maximum CHSH violation is
2.324, for |α| = 2.1. For a line transmission of 52.2%,
and perfect detector efficiency, this scheme still achieves
a violation of the CHSH inequality. We next show that
it is always possible to achieve a violation for perfect line
transmission, regardless of the detector efficiency.
E. Bell violation with arbitrarily low
photo-detection efficiency
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FIG. 2: (Color online) Contour plot of B vs the line transmis-
sion and the photocounting efficiency. The maximum CHSH
violation is 2.324 for |α| = 2.1. Notice that these results are
slightly better than Fig. 1 of Ref. [1].
Theorem 1. If Tline = 1, we have
B > 2, (24)
irrespective of the value of η.
Proof. We first note that since c2 = 1, we need only sat-
isfy condition (C2) to show that B > 2. This can been
4seen since
c3 ≤ 1 = c2, (25)
=⇒ c3(c2 + c3) ≤ c2(c2 + c3). (26)
Also, for Tline = 1, we have
c1 =
( 2√
pi
∫ b
−b
dx e−x
2
cos(
√
2x|α|)− e− |α|
2
2
)
, and
(27)
c3 = 2e−η
|α|2
2 − 1. (28)
Then, for |α| → ∞, we have
2√
pi
∫ b
−b
dx e−x
2
cos(
√
2x|α|) ≈ 2√
pi
∫ b
−b
dx cos(
√
2x|α|),
(29)
=
√
2
pi
2
|α| , (30)
where we have used b = pi2√2|α| → 0 for |α| → ∞, and
the approximation that in the limit of small b, the term
e−x
2 can be approximated to unity. The condition (C2)
then becomes
e−η
|α|2
4 <
√
2
pi
2
|α| , (31)
where we have made the approximation that for |α|  1,
e−
|α|2
2 ≈ 0 in Eq. (27). Since the left hand side of the
inequality is exponentially decreasing in |α|, and the right
hand side is decreasing as 1|α| , for any η, ∃ some |α|  1
such that condition (C2) holds. Thus, since c2 = 1, for
Tline = 1 and any η, there exists some |α|, γ and ν, which
gives B > 2.
F. Scenario with two homodyne measurements
Theorem 1 shows that for any η, there exists a |ψ〉
which can violate the CHSH inequality. Moreover, the
setup we have been considering is a highly asymmetric
measurement setup, where the light field is subject to
either photodetection or homodyne measurement. It is
natural to ask if we can perform the Bell test in a sym-
metric manner, using two homodyne measurements on
the photonic side, eliminating the need to consider ineffi-
cient photodetectors. In what follows we will show that a
Bell violation of B ≈ 2.29 can be reached in this scenario.
Moreover, the minimum transmission needed to be able
to violate CHSH is Tline ≈ 0.68.
1. Assuming perfect atomic measurements
In the case of two homodyne measurements and perfect
atomic measurements, the optimization is even simpler.
We first redefine the measurement operators on the pho-
tonic side as
B0 = 2
∫ b
−b
dx |x〉〈x| − 1 , (32)
B1 = 2
∫ |α|√
2
−∞
dp |p〉〈p| − 1 , (33)
and consider only α imaginary as in Sec. II C. This form
of the B1 measurement operator and binning is arbitrary,
and we do not claim that it is optimal. The intuition for
using this form of the B1 measurement comes from the
form of Eq. (7). Notice that this operator discriminates
the state |0〉, and the |α〉 state. We thus choose Eq. (33)
to measure the P quadrature to discriminate the states
|0〉 and |α〉, and choose a binning based on this intuition.
This choice of the Bˆ operators is also particularly con-
venient, since in this case, c2 = −c3 (refer to Sec. II C),
and the function after optimization over γ is
Bγ = 2
√
c21 sin2(2ν) + c22, (34)
which is trivially maximized by sin2(2ν) = 1 and b =
pi
2
√
2|α| . Thus
Bν,γ = 2
√
c21 + c22, (35)
where c1 is given in Eq. (21), and
c2 = erf(
√
Tline
2 |α|). (36)
Optimizing Eq. (35) numerically over |α|, we can plot
Bν,γ,|α| vs Tline. Fig. 3 summarizes the result. It shows
that the largest violation attainable is 2.29, and the min-
imum required transmission which still yields a violation
to be Tline = 0.678. This measurement protocol can be
directly compared to the one presented in Ref. [21], and
one can see that there is both an improvement on the
maximum violation and the minimum transmission (2.26
and 78%). One important remark is that in this mea-
surement scenario, we no longer need to produce the state
(3) exactly, and a state of the form
|ψ〉 = cos ν|s, 0 + β〉+ sin ν|g, α+ β〉 (37)
for any complex β is also a possible candidate, since this
corresponds to an appropriate shift in the binnings.
We next investigate the behaviour of |αopt|, the value of
|α| which optimizes the CHSH violation as a function of
the transmission Tline. This is an important point, as the
state production fidelity is usually inversely proportional
to |α| (see for instance Ref. [1]). As Fig. 4 shows, the
typical range of the optimal α is |αopt| ∈ [2.2, 3], which
occurs for transmissions above 72%.
The discussions above have assumed that atomic detec-
tion can be done with unit efficiency. However, the draw-
back of having high detection efficiencies in the atomic
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FIG. 3: B vs Transmission diagram for two homodyne mea-
surements on the field. This figure shows that the maxi-
mum CHSH violation is 2.29, and the minimum transmis-
sion required for the violation of the CHSH inequality is
Tline = 0.678. B is computed by numerically optimizing
Eq. (35) over |α|.
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FIG. 4: |αopt| vs Transmission diagram. This diagram is the
value of |α| which results from the numerical optimization
of Eq. (35) over |α|. The numerical optimization gives the
maximum |α| as 9.22. However, the typical range of |αopt| is
∈ [2.22, 3] for Tline > 0.72
detection usually necessitates long detection times. Al-
though schemes exist to implement fast and efficient
atomic detection [22], such techniques might not always
be available. In the next subsection, we treat the problem
of inefficient atomic detection, and show that it quickly
degrades the achievable CHSH violation.
2. Inefficient atomic detection
To treat inefficient atomic detection, one assumes that
with probability ηa, everything proceeds as in the pre-
vious section, and with probability 1 − ηa, the atomic
measurement operators A0 and A1 have no effect, and
can be modelled by the identity operation 1 . Then, the
CHSH quantity after optimization over the atomic mea-
surement angle gives
Bγ = 2
(
ηa
√
c21 sin2(2ν) + c22 + (1− ηa)c2 cos(2ν)
)
, (38)
where c1 and c2 are once again given by Eqs. (21) and
(36). The optimization over the angle ν can once again
be done analytically, and the resulting expression numer-
ically optimized over α. Fig. 5 summarizes the results of
the final optimization. It shows that the atomic detection
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FIG. 5: (Color online) Contour plot of B vs the line trans-
mission and the atomic detection efficiency for two homodyne
measurements on the field. It shows that the minimum atomic
detection efficiency is 0.817 for perfect line transmission.
efficiency must at least be above ηa = 0.817 to observe
any CHSH violation, since it is the atomic detection ef-
ficiency for perfect line transmission. This result is not
optimal, as a simple calculation would show that it does
not reach the Eberhard bound, ηaTline = 2/3 [23]. In the
next section, we show a possible scheme to circumvent
inefficient atomic detection.
G. Heralded preparation of entangled coherent
states
As a byproduct of our proposal, the setup proposed
in Ref. [1] to produce the state (3) can also be used to
produce an entangled coherent states [24]. Consider the
system prepared in the state (3). If the atom is mea-
sured in the 1√2 (|s〉± |g〉) basis, and post-selected on the
61√
2 (|s〉+ |g〉) outcome, the resultant photonic state after
a suitable displacement operation is,
N(α)(cos ν| − α〉+ sin ν|α〉), (39)
where N(α) is a normalization factor, dependent on α.
This state is known as a coherent state superposition
(or Schrödinger’s cat state) [24], and has been well stud-
ied in the literature, with much experimental progress in
creating these states [27, 28]. However, producing such
states with values of |α| ≥ 1.5 has proven to be a big
experimental hurdle. The state production protocol in
Ref. [1] thus provides an alternative route to achieving
such states with a larger |α|. One interesting thing about
this state is that, by sending the state (39) to a 50/50
beamsplitter, one can create entangled coherent states of
the form
N(α)(cos ν| − α√2 ,− α√2 〉+ sin ν| α√2 , α√2 〉), (40)
which is reminiscent of the Bell states with polarization
entanglement [29]. It is also worth noting, that such a
route to producing a coherent state superposition with
the help of atoms is not new, and a similar proposal has
been previously studied in Ref. [30].
1. Splitting the cat
Notice that the above operation of splitting the state
(39) using a single beamsplitter can, in principle, be re-
peated ad infinitum, leading one to envision the case of
n beamsplitters as in Fig. 6. Denoting the transmittivity
FIG. 6: (Color online) The above setup of n beamsplitters
creates a path-entangled, n-partite state |Ψoutput〉. For input
state |ψinput〉 given by Eq. (39), the output state will be given
by Eq. (41).
and reflectivity of the ith beamsplitter as ti and ri, with
t2i + r2i = 1, we write the state |Ψoutput〉 produced at the
output given the input state (39), as
|Ψoutput〉 = N(α)(cos ν| − f1α,−f2α, . . . − fNα〉
+ sin ν|f1α, f2α, . . . fNα〉), (41)
where we have used the shorthand fk = rkΠk−1i=1 ti. Some
simple algebra then shows that to create a state with
equal amplitudes in each mode requires that the trans-
mittivity of the kth and k − 1th beamsplitters satisfy
t2k = 2− 1t2
k−1
, thus producing a state of the form
|Ψ〉 = N(α)(cos ν| − α˜,−α˜ . . . − α˜〉+ sin ν|α˜, α˜ . . . α˜〉).
(42)
III. CONCLUSION
In this work, we have presented an improved analysis
of the proposal to perform a loophole free Bell test in
Ref. [1]. We showed that the hybrid atom-photon entan-
gled state and the set of measurements considered in Ref.
[1] allows a violation of the CHSH inequality for vanish-
ing photocounting efficiency with perfect detection on all
other measurements.
We also showed that we can perform the Bell test
using only atomic and homodyne measurements, elim-
inating the need to consider inefficient photocounting,
and showed CHSH violations down to a transmission of
67.8%. Finally, we showed that the proposed system can
be used as a state preparation device to produce a super-
position of coherent states, useful for quantum informa-
tion processing using continuous variables.
Acknowledgements
This work is funded by the National Research Founda-
tion and the Ministry of Education of Singapore. We ac-
knowledge discussions with Melvyn Ho, Mateus Araújo,
Marco Túlio Quintino, Marcelo Terra Cunha and Marcelo
França Santos.
[1] C. Teo, M. Araújo, M. T. Quintino, J. Minář, D. Caval-
canti, V. Scarani, M. Terra Cunha and M. França Santos,
Nat. Commun. 4, 2104 (2013).
[2] J. S. Bell, Physics 1, 195 (1965).
[3] N. Brunner, D. Cavalcanti, S. Pironio, V. Scarani, S.
Whener, arXiv:1303.2849 (2013).
[4] A. Acín, N. Brunner, N. Gisin, S. Massar, S. Pironio, and
V. Scarani, Phys. Rev. Lett. 98, 230501 (2007).
[5] S. Pironio, A. Acín, S. Massar, A. B. d. l. Giroday, D. N.
Matsukevich, P. Maunz, S. Olmschenk, D. Hayes, L. Luo,
T. A. Manning, and C. Monroe, Nature 464, 1021–1024
(2010).
7[6] Lluis Masanes, Stefano Pironio, Antonio Acin, Nat.
Comms. 2, 238 (2011).
[7] C.-E. Bardyn, T. C. H. Liew, S. Massar, M. McKague,
and V. Scarani, Phys. Rev. A 80, 062327 (2009).
[8] R. Rabelo, M. Ho, D. Cavalcanti, N. Brunner, and
V. Scarani, Phys. Rev. Lett. 107, 050502 (2011).
[9] R. A. Bertlmann, in Quantum Coherence, 2006, edited
by W. Pötz, U. Hohenester, J. Fabian, pp 1-45.
[10] B. C. Hiesmayr, A. D. Domenico, C. Curceanu,
A. Gabriel, M. Huber, J. -Å, Larsson, P. Moskal, Eur.
Phys. J. C 72, 1856, (2012)
[11] A. Aspect, J. Dalibard, and G. Roger, Phys. Rev. Lett.
49, 1804–1807 (1982).
[12] G. Weihs, T. Jennewein, C. Simon, H. Weinfurter, and
A. Zeilinger, Phys. Rev. Lett. 81, 5039–5043 (1998).
[13] T. Scheidl, R. Ursin, J. Kofler, S. Ramelow, X. Ma,
T. Herbst, L. Ratschbacher, A. Fedrizzi, N. K. Langford,
T. Jennewein, and A. Zeilinger, PNAS 107, 19708–19713
(2010).
[14] D. N. Matsukevich, P. Maunz, D. L. Moehring, S. Olm-
schenk, and C. Monroe, Phys. Rev. Lett. 100, 150404
(2008).
[15] M. A. Rowe, D. Kielpinski, V. Meyer, C. A. Sackett,
W. M. Itano, C. Monroe, and D. J. Wineland, Nature
409, 791–794 (2001).
[16] M. Ansmann, H. Wang, R. C. Bialczak, M. Hofheinz,
E. Lucero, M. Neeley, A. D. O’Connell, D. Sank, M. Wei-
des, J. Wenner, A. N. Cleland, and J. M. Martinis, Nature
461, 504–506 (2009).
[17] M. Giustina, A. Mech, S. Ramelow, B. Wittmann,
J. Kofler, J. Beter, A. Lita, B. Calkins, T. Gerrits,
S. W. Nam, R. Ursin and A. Zeilinger, Nature 497, 227-
230 (2013)
[18] B. G. Christensen, K. T. McCusker, J. Altepeter,
B. Calkins, T. Gerrits, A. Lita, A. Miller, L. K. Shalm,
Y. Zhang, S. W. Nam, N. Brunner, C. C. W. Lim,
N. Gisin and P. G. Kwiat, arXiv:1306.5772 [quant-ph]
(2013)
[19] D. Cavalcanti, N. Brunner, P. Skrzypczyk, A. Salles, and
V. Scarani, Phys. Rev. A 84, 022105 (2011).
[20] M. Quintino, M. Araújo, D. Cavalcanti, M. França San-
tos, and M. Terra Cunha, J. Phys. A: Math. Theor. 45,
215308 (2012).
[21] N. Sangouard, J.-D. Bancal, N. Gisin, W. Rosenfeld,
P. Sekatski, M. Weber, and H. Weinfurter, Phys. Rev. A
84, 052122 (2011).
[22] F. Henkel, M. Krug, J. Hofmann, W. Rosenfeld, M. We-
ber, and H. Weinfurter, Phys. Rev. Lett. 105, 253001
(2010).
[23] P. H. Eberhard, Phys. Rev. A 47, R747 (1993).
[24] B. C. Sanders, J. Phys. A: Math. Theor. 45 244002
(2012)
[25] B. C. Sanders, Phys. Rev. A 45, 6811-6815 (1992).
[26] M. Stobińska, H. Jeong,T. C. Ralph, Phys. Rev. A 75,
052105 (2007)
[27] A. Ourjoumtsev, F. Ferreyrol, R. Tualle-Brouri and
P. Grangier, Nature Phys. 5, 189-192 (2009)
[28] H. Takahashi, K. Wakui, S. Suzuki, M. Takeoka,
K. Hayasaka, A. Furusawa and M. Sasaki, Phys. Rev.
Lett. 101, 233605 (2008).
[29] S. J. van Enk and O. Hirota, Phys. Rev. A 64, 022313
(2001)
[30] B. Wang, L.-M. Duan, Phys. Rev. A 72, 022320 (2005)
